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(54) Oscillator and communications device 

(57) Disclosed is an oscillator (10) whereta when 
adjusting the characteristics of the osciHator (10). the 
time-consuming removal of a cap (1 1) and a substrate 
(41) at each ineasurement Is dispensed with, and which 
can be manufactured at low cost The escalator (10) 
comprises a dielectric resonator (20), a circuit board 
(40), and an adjustment mechanism for adjusting the 
relative positional relationship between the dielectric 
resonator (20) and the circuit board (40); the dielectric 
resonator (20) having a dielectric substrate (21). elec- 
trodes (22) provtied on two opposite faces of the dielec- 
tric substrate (21). and electrode remo/al portions (23) 
provided at predetermined positions on the electrodes 
(22): and the adjustment means comprising screws (35) 
and springs (34) for moving the dielectric resonator 
(20). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention 3 

[0001] The present invention relates to an oscillator 
and a communications device used in nrticrowave and 
milliwave bands and the like. 

10 

2. Description of the Related Art 

[0002] An example of an oscillator will be explained 
based on FIG. 5. This oscillator was not publicly known 
or desaibed in any publication when the present Inven- is 
tion was realized. 

[0003] An oscillator 1 1 0 comprises a cap 1 1 1 . a drcult 
board 140. a dietectric resonator 120, a case 130 and a 
steni 1 12. The cap 111 and the stem 112 are made of 
steel, and terminal pins 113 connect to the stem 112. 20 
The circuit board 140 comprises a circuit pattern, such 
as a stripline. provided on an Insulated substrate. Ele- 
ments such as an FET 142. a chip capacitor 143 and a 
chip resistor 144 are mounted at predetermined posi- 
tions on the circuit board 140. and are connected 25 
together. The terminal pins 113 and holes 155a. 155b 
and i55c. having roughly the same shape as the termi- 
nal pins 1 13. are provided at three corners of the circuit 
board 140. and terminal electrodes 149. ISO and 153 
are provided around the hoies 155a. 155b and I55c. 3o 
The terminal pins 113 are inserted through the holes 
1S5a. 1 55b and 1 55c, provided in the circuit board 140, 
and are connected to the terminal electrodes 149. 150 
and 153. 

f0004J The dielectric resonator 120 comprises a 35 
square dielectric substrate 121 and an electrode 122, 
provided on two opposite iaces and four side faces of 
the dielectric substrate 121. Then, drcular electrode 
removal portions 123 are provided roughly in the center 
of the electrode 1 22 on the opposite two faces, opposite 
to each other. Punhermore, a concave ponion i3i for 
storing the dielectric resonator 120 is provided in the 
case 130. 

[0005] The case 130. with the dielectric resonator 120 
Stored therein, is placed on the stem 1 1 2. and the circuit 4S 
board 140 is mounted on the case 130. In this way, the 
cap 111 is hermetically sealed over the stem 112. on 
which the case 130 storing the dielectric resonator 120 
and the circuit board 140 are mounted. 
{0006] In an oscillator used at high-frequency bands so 
such as a milliwave band, even a slight discrepancy in 
the size of the corrponents or the positions of their 
arrangement and the like, will effect the characteristics 
to a degree which cannot be ignored. For instance, 
when the positional relationship between the dielectric ss 
resonator and the circuit board changes, the coupling 
between the stripUnes provided on the circuit board and 
the diefectrlc resonator will be altered. This has a con- 
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siderable effect on the oscillating frequency and the 
oscillating output and the like, and as a consequence, 
the characteristics of the oscillator are unstable. There- 
fore, in order to manufacture a stable oscillator having 
desired characteristics, the positional relationship 
between the dielectric resonator and the circuit board 
must be adjusted with a precision of below O.i mm. 
[0007] To carry out this adjustment, the dielectric res- 
onator is provide in the concave portion of the case, 
the circuit board is mounted on the case, this is covered 
with the cap. and the characteristics of the oscillator are 
then measured. When the desired characteristics are 
not obtained, the cap and the circuit board are removed, 
the position of the dielectric resonator Is changed, the 
circuit board is remounted, the cap is replaced, and the 
characteristics of the oscillator are measured once 
more. Then, this operation is repeated until the desired 
characteristics are obtained. 

[0008] Thus, in the conventional osdllatcr. the opera- 
tion of removing the circuit board and the cap to change 
the position of the dielectric resonator, and then 
ren^nting the circuit board and replacing the cap. 
must be carried out many times. Consequently, consid* 
erable time is needed to obtain an osdliator having the 
desired characteristics, leading to increased manufac- 
turing costs. 

SUMMARY OF THE INVENTION 

[0009] The escalator of the present invention has been 
realized in consideration of the problems described 
above. 

[001 0] The oscillator of the present invention com- 
prises a dielectric resonator, a circuit board, and an 
adjustment mechanism tor changing the relative posi- 
tional relationship of the dielectric resonator and the cir- 
cuit board; the dielectric resonator comprisfng a 
dielectric substrate, electrodes, provided on two oppo- 
site faces of the dielectric substrate, and electrode 
removal portions, provided at predetermined positions 
on the electrodes: and the adjusmnent mechanism com- 
prising a force-applying unit and a movable structure for 
moving the dielectric resonator and a fbrce-applying 
unit and a movable structure for moving the circuit 
board. 

[0011] Preferably, the movable structure for moving 
the dielectric resonator is a concave portion larger than 
the dielectric resonator, provided in a case for storing 
the dielectric resoruitor, the concave portion having a 
two-level structure for providing a vacant portion around 
the electrode removal portions of the dielectric resona- 
tor. 

[001 2] The force-applying unit for moving the dielectric 

resonator comprises screws. 

[001 3] Alternatively, the lorce-applying unit for moving 

the dielectric resonator comprises screws and elastic 

members. 

[0O14] In a preferable arrangement of the invention. 
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the movable suucture for moving the circuit board com' 
prises oval holes for inserting terminal pins. 
[0015] The oscillator may use a force«applying unit 
and a movable structure for moving the dielectric reso- 
nator in one axial direction parallel to a horizontal direc- 
tion, and use a force-applying unit and a movable 
structure for moving the dielectric resonator at a right 
angle to the axial direaion. 

[0016] Alternatively, the arrangement may be such 
that the oscillator uses a force-applying unit and a mov- 
able structure for moving the dielectric resonator in one 
axial direction parallel to a horizontal direction, and uses 
a force-applying unit arxi a movable structure for moving 
the circuit board at a right angle to the axial direction. 
(0017] A communications device according to the 
present invention comprises a circuit for transmitting, a 
circuit for receiving, and an antenna, wherein the circuit 
for transmitting and/or the circuit for receiving comprise 
the oscillator of the present invention. 
[001 8] Consequently, the dielectric resonator and the 
circuit board can be moved without removing the circuit 
board and the cap. 

BRIEF OSSCRIPTiON OF THE DRAWINGS 
[0019] 

FIG. 1 is an exploded perspective view of an osdl- 
lator of the present invention; 
FIG. 2 is a cross-sectional view of a case, a dielec- 
tric resonator and a circuit Ijoard of the present 
invention; 

FIG. 3 is an exploded perspective view of an oscil- 
lator according to a second embotfment of the 
present invention; 

FIG. 4 is a schematic diagram of a communications 
device of the present invention; and 
FIG. 5 is an exploded perspective yjew of a corryen- 
Tional oscillator. 

DESCRIPTION OF THE PREFERRED EfyiBODI- 
MENTS 

[0020] There will be detailed below an embodiment of 
the present invention with reference to FIG. 1 . 
[0021] An oscillator 10 of the present invention com- 
prises a cap 1 1 , a circuit board 40, a dielectric resonator 
20, a case 30 and a stem 12. The cap 1 1, the case 30 
and the stem 12 should preferably have roughly the 
same coefficient of linear expansion as the dielectric 
resonafor 20. They may acceptably comprise steel. The 
cap 11 and the stem 12 are hermetically sealed 
together. Furthermore, termtnai pins 13 are provided at 
three comers of the stem 12. 
[0022] The dielectric resonator 20 comprises an elec- 
trode 22. provided on two opposite faces of a square 
dielectric substrate 21. and a substantially disk-like 
electrode removal portion 23 is provided roughly in the 
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center of the electrode 22. Furthernnore. the electrode 
22 also covers the four side faces of the dielectric sub- 
strate 21. ar>d functions as a ground. The dielectric res- 
onalor 20 of Such a constitution functions as a resonator 
5 when an electromagnetic field becomes concentrated 
near the substantially disk-like electrode removal por- 
tion 23. 

[0023] A concave portion 31 . which the dielectric res- 
onator 20 can fit into, is provided rougWy in the center of 

10 the case 30. A step projects from the side wall of the 
concave portion 31 and supports part of the iow face of 
the dielectric resonator 20. Consequently, a space is 
formed below the electrode removal portion 23 (FIG. 2). 
The dielectric resonator 20 is stored in the concave por- 

15 tion 3 1 . and should preferably be of a size such that it is 
able to move a certain degree in a direction parallel to 
the top face of the step in the concave portion 31 » and 
does not drop into the opening. Through holes with 
screws 32 in them are provided in two adjacent side 

20 faces of the case 30 and reach as far as the inside face 
of the concave portion 31. Furthermore, retches 33 for 
holding elastic members are provided facing the saews 
32 with the dielectric resonator 20 in between them. 
Springs 34. forming elastic members, are provided in 

25 the notches, and are clasped by the side faces of the 
dielectric resonator 20 and the side faces of the notches 
33. 

[0024] The circuit board 40 oomprtses a stripltne pat- 
tern on an insulated substrate 41 . an FET 42, a chip 

30 capacitor 43, chip resistors 44a. 44b and 44c. a film-like 
terminal resistor 45 and a varactor diode 52. One ertd of 
a main Tine 46. comprising a stripline. is connected to 
the gate of the FET 42, and the other end is connected 
to a film-like terminal resistor 45. Furthermore, the strip- 

35 line 47. wrhich conn^ts to the source of the FET 42, is 
connected via the chip resistor 44a to a ground elec- 
trode 48a. Moreover, one of the strplines connecting to 
the drain of the FET 42 is connected via the chip resistor 
44b to an input terminal electrode 49. The input terminal 
electrode 49 connects via the chip capacitor 43 to a 
ground elearode 4Sb. The other stripline connecting to 
the drain of the FET 42 is connected via a capacitor 
component, comprising a gap. to an output terminal 
electrode SO. 

45 [0025] An auxiliary line 51 is connected at a predeter- 
mined position via the varactor diode 52 to the ground 
electrode 48a. Furthermore, a stripline extracted at 
another position on the auxiliary line 5 1 connects via the 
chip resistor 44c to a bias terminal electrode S3. When 

so a voltage is applied to the varactor diode 52. the capac- 
itance of the varactor dtode 52 changes, whereby the 
oscillating frequency of the osdOator 10 can be 
changed. 

(0026] The ground electrodes 4aa and 48b pass 
55 through the through holes 54 and connect to ground 
electrodes (not shown in the diagram) provided on the 
rear surface of the circuit board 40. The ground elec- 
trodes on the rear surtee of the circuit board 40 are 
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connected to the case 30 when the circuit board 40 is 
mounted on the case 30, thereby grounding the circuit. 
The ground electrodes on the rear surface of the circuit 
board 40 are not provided on portions corresponding to 
the electrode removal portions 23 of the dielectric reso- 
nator 20, so that the striplines on the top face of the cir- 
cuit board 40 can be coupled to the dielectric resonator 
20. 

[0027] The case 30 is provided on the stem 12. and 
the dielectric resonator 20 is stored inside the concave 
portion 31 of the case 30. Next the circuit board 40 is 
mounted on the case 30. and the cap is hermetically 
seated over it. to form the oscillator io. The ternHnal 
pins 13. provided at three corners of the stem 12 and 
the case 30, are inserted through holes 55a. 55b and 
SSc. provided respectively in the input terminal eiec* 
trade 49. the output terminal electrode 50 and the bias 
terminal electrode 53 of the circuit board 40. and con- 
nect respectively to the terminal electrodes 49, 50 and 
53. The holes 55a. 55b and 55c, provided in the circuit 
board 40, are the same shape as the terminal pins 13 
so as to be aiuvays connected thereto. 
[0028] Below, the mechanism for adjusting the relative 
positions of the delectric resonator 20 and the drcuit 
board 40 of the presem invention will be e)f}lained. 
[0029] A thermosetting adhesive is applied in the step 
portion of the two-level concave portion 31 of the case 
30, provided on the stem 12. and the dielectric resona- 
tor 20 is provided therein. Elastic members, in this case 
springs 34, are provided between the dielectric resona- 
tor 20 arvj the notches 33. The elastic members are not 
limited to the springs 34, and may be rubber or the like. 
Then, the drcuit board 40 is mounted on the case 30 
and the cap is placed over it. A cap for adjusting is used. 
That is, the cap has holes at positions.oorresponding to 
the saewed through hgles 32 in the case 30. 
[0030] As force-applying means, screvws 35 are 
inserted from two directions through the holes in the cap 
of the oscillator, so as to touch the side faces of the die- 
lectric resonator 20. Moreover, inserting the screws 35 
applying a pressing force against the dielectric resona- 
tor 20 and alters its p>osttion. Since the screws 35 are 
inserted from directions intersecting at a right angle, the 
dielectric resonator 20 can be freely moved vertically 
and horizontally. The characteristics are measured 
each time the position of the dielectric resonator 20 is 
aKered. In the position at vrfiich desired characteristics 
have been obtained, the structure is heated until the 
thernnosetting adhesive sets, thereby fixing the dielec- 
tric resonator 20 in position. Finally, the oscillator 10 is 
corrpleted by replacing the cap for adjusting with a con- 
ventional cap 1 1 which has no holes. 
[0031] The dielectric resonator 20 may be moved 
using rods or the like, but it can be moved more pre- 
cisely by using the screws 35. That is. the distance 
moved by the dielectric resonator 20 becomes more 
even in direct proportion to the number of rotations of 
the screws 35. and therefore the dielectric resonator 20 



can be moved with accuracy. Furthermore, springs 34 
are provided facing the screws 35, with the dielectric 
resonator 20 in between, thereby pushing the dielectric 
resonator 20 back Therefore, the dielectric resonator 
5 20 can be moved back by loosening the screws 35. 
Even without elastic members such as the springs 34, 
the position of the dielectric resonator 20 can be very 
precisely adjusted by accurately insening the screws 
35. 

10 [0032] In tNs embodiment, the characteristics are 
measured when the screws 35 and the springs 34 are 
touching the side faces of the dielectric resonator 20. 
This is because, in the dielectric resonator 20 used in 
the oscillator 10 of the present invention, the touching of 

IS the screws 35 and the spring 34 has no great effe^ on 
the characteristics. That is. In the dielectric resonator 20 
used in the present invention, the electromagnetic field 
is concentrated at the disk-like electrode removal por- 
tion 23. and consequently the presence of the screws 

20 35 and the spring 34 has almost no effect on the elee- 
tromagnetie field of the dielectric resonator 20. 
[0033] The description of this embodiment referred to 
a voltage-controlled oscillator using the varactor diode 
52, but the present invention is not limited to this. For 

2S instance, the present inventbn can be applied to an 
oscillator which does not use the auxiliary line 51 por- 
tion, or an oscillator which uses a gunn diode instead of 
the FET 42. or such like. 

[0034] Next, a second embodiment of the present 

30 invention will be explained based on FIG. 3. Portions 
which are the same as in the preceding embodiment are 
represented by the same reference numerals, and 
detailed explanation of these portions is omitted. FIG. 3 
is an exploded perspective view ol an oscillator. 

ts [0035] In this emt)odiment. the concave portion 31 a of 
the case 30a has the same width as the dielectric reso- 
nator 20 in one direction, but is wider than the dielectric 
resonator 20 in the other direction. With a concave por- 
tion 31 a of such a su'ucture, the dielectric resonator 20 

*o can be moved in the direction in which the width of the 
concave portion 31 a is wider. Further, grooves 36. run- 
ning from the two opposing outside faces of the ease 
30a to the concave portion 3i a of the case 30a. are pro- 
vided. These grooves 36 enable rods or the like to be 

45 inserted to move the dielectric resonator 20. 

[0036] The holes 56a. 56b and 56c for inserting the 
terminal pins 13 are provided on the terminals elec- 
trodes 49, 50 and 53, and are oval, being a shape 
fomned by extencf ng the diameter or a disk in a direction 

so at a right angle to the direction which the dielectric res- 
onator 20 can move in. To maintain the connection with 
the terminal pins 13. the oval holes 56a. 56b and 56c 
have the same width as the terminal pins 13 in the direc- 
tion which is at a right angle to the direction which tf>e 

55 drcuit board 40a can move in. 

[0037] The oscillator is formed by covering it with a 
cap for adjusting, as in the previous embodiment. How- 
ever, in tNs case, the cap for adiusting has holes in its 
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four side faces in order to move the drcuh board 40a as 
well as the dielectric resonator 20. 
[00381 To move the dielectric resonator 20. rods 37 
are inserted through the holes in the cap as force-apply- 
ing means. The rods 37 pass through the grooves 36 
and touch the dielectric resonator 20. Since the rods 37 
are inserted from opposite side faces, the dielectric res- 
onator 20 can be freely moved in either direction. Simi- 
larly, the circuit board 40a can be moved at a right angle 
to the dielectric resonator 20 by inserting the rods 37 
from two side faces which are at right angles to the 
direction which the dielearic resonator 20 moves in. 
That is. by moving the dielectric resonator 20 in one 
direction and the circuit board 40a in another direction, 
which is at a right angle thereto, it is possible to alter the 
relative positional relationship between the dielectric 
resonator 20 and the circuit board 40a. both horizontally 
and vertically. After carrying out such adjustment until 
the desired characteristics are obtained, the cap is 
replaced by a conventional cap with no holes to form the 
oscillator 10a. Furthermore, the circuit board 40a is sol- 
dered to the terminal pins 13. With such a constitution, 
the adlustment takes less time to perform. In addition, 
there are fewer components tlian in the first embodi- 
ment enabling the osciilator 10a to be manufactured at 
low cost 

[0039] In this embodiment rods were used as the 
force-applying means, but screws may be used instead. 
Further, although the position was altered by inserted 
the rods from two opposing side faces of the dielectric 
resonator and the circuit board, it is acceptable to dis- 
pense with the grooves and provide a spring between 
the case and the dielectric resonator, whereby the 
spring pushes back. This increases the number of com* 
ponents. but has the advantage of making adjustment 
less time-consuming. 

[0040] Next a communications device of the present 
invention will be explained based on fn3. 4, which 
shows a schematic view of the comnunications device 
of the present invention. 

[0041] As shown in FIG. 4, the communications device 
60 of the present invention comprises a duplexer 61. 
comprising a filter for transmitting and a filter for receiv- 
ing, an antenna 62. which connects to a terminal for 
antenna connection of the duplexer 61. a circuit for 
transmitiing 63. connected to input/output terminals of 
the filter fbr transmitting of the duplexer 61 . and a circuit 
for receiving 64, cormeeted to inputtoutput terminals of 
the filter for receiving of the duplexer 61 . 
(0002] The cireuit for transmitting 63 has a power 
amplifier (PA) lor power-amplifying the transmission sig- 
nal, which passes through the f iltdr tor transmitting and 
Is emitted from the antenna 62. Furthermore, reception 
signal is passed from the antenna 62 through the filter 
for receiving, and is received by the circuit for receiving 
64. After passing a low-noise amplifier (UNA) and a filter 
(RX) In the circuit for receiving 64. the signal is input to 
a mfxer (MIX). The base oscillator is a phase-locked 
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loop (PLL). comprising an oscillator (VCO) and a divider 
(DV). and outputs a local signal to the mixer. The mixer 
outputs at intermediate frequency. 
[0043] As a result, it is possible to provide a commu- 

s nications device wWch is less time-consuming and inex- 
pensive to manufacture. This embodiment described an 
example using the oscillator as the circuit for receiving, 
but the communications device of the present invention 
is not limited to this, and can be applied when the oscil- 

10 lator is used as the circuit for transmitting, or when an 
oscillator is used in both. 

[0044] The present invention described above com- 
prised an adjustment mechanism for changing the rela- 
tive positional relationship between the delectric 

IS resonator and the circuit board. Consequently, when 
adjusting the characteristics of the oscillator, it is not 
necessary to remove the cap and the circuit board each 
time the characteristics are measured, thereby reducing 
the amount of time consumed when manutacturing and 

20 lowering manufacturing costs. 

[0045] Furthermore, screws were used as force- 
applying means to move the dielectric resonator. Con- 
sequently, the dielectric resonator can be moved a dis- 
tance fixed by the number of rotations of the screws. 

S5 Simitariy. springs were used as force-applying means. 
Consequently, a pushing-back force was generated, 
enabling the dielectric resonator to be more freely 
moved. 

30 Claims 

1 . An oscillator (10; lOa). comprising: 

a dieiectric resonator (20). a circuit board (40: 
35 40a). and an adjustment mechanism for chang- 

ing the relative positional relationship of said 
dieieetric resonator (20) and said circuit board 
(40:40a); - 

said dielectric resonator (20) comprising a die- 
40 lectric substrate (21 ). electrodes (22). provided 

on wo opposite faces of the dielectric sub- 
strate (21). and electrode removal portions 
(23). provided at predetermined positions on 
said electrodes (22); and 
45 said adjustment mechanism comprising force- 

applying means (34. 35; 37} and a movable 
structure (3i; 31a) for moving said dielectric 
resonator (20). and force-applying means (34. 
35; 37) and a movable structure (31; 31a) for 
50 moving said circuit board (40; 40a). 

2. The oscillator (10; I0a) according to daim 1. 
wherein said movable structure for moving said die- 
lectric resonator (20) is a concave portion (31 : 31 a) 

5S larger than said dielectric resonator (20). provided 
in a case (30: 30a) fbr storing said dielectric resona- 
tor (20). the concave portion having a two-level 
structure for providing a vacant portion (31 ; 3ia) 
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around said electrode removal portions (23) of said 
dielectric resonator (20). 

3. The oscillator (10) according to claim 1. wherein 
said force-applying means (34. 35) for moving said s 
dielectric resonator (20) comprises screws (35). 

4. The osdllator (10) according to claim 1. wherein 
said force^applyfng means (34, 35) for moving said 
dielectric resonator (20} comprises screws (35) and io 
elastic members (34). 

5. The oscillator (lOa) according to Oaim 1, wherein 
said movable structure for moving said circuit board 
(40a) comprises holes (56a • c) for inserting termi- is 
nal pins (13). the holes being oval. 

6. The oscillator (10; 10a) according to daim 1 , which 
uses force-applying means (34, 35; 37) and a mov* 
able structure (31; 31a) for moving said dielectric so 
resonator (20) in one axial direction parallel to a 
horizontal direction, 

and uses force-applying mearts (34. 35; 37) and a 
movable structure (31 : 31a) for moving said dielec- 
tric resonator (20) at a right angle to said axial ss 
direction. 

7. The oscillator (I0a) according to daim 1, which 
uses force-applying means and a movable struc- 
ture (31a) for moving said dielectric resonator (20) so 
in one axial direction parallel to a horizontal direc- 
tion. 

and uses force-applying means and a movable 
structure (31a) for moving said circuit board (40a) 
at a right angle to said axial direction. 35 

8. A cormnunlcations device (60). comprising a circuit 
for transmitting (63). a circuit tor receiving (64). and 
an antenna (62). wherein said circuit fbr transmit- 
ting (63) and/or safd circuit tor receiving (64) corri- 4o 
prise an oedHator <10: ioa), the osefHator (10; ioa) 
being the oscillaior according to any one of claims 
lto7. 
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